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INFORMATION RETRIEVAL PROJECTS IN THE BIO-
MEDICAL LIBRARY, UNIVERSITY OF CALIFORNIA, LOS ANGELES
Louise Darling
In the area of information retrieval, the Biomedical Library is
currently engaged in two projects: the UCLA MEDLARS Station and
the Brain Information Service. This paper is limited to a condensed
and non-technical consideration of their machine programs. The two
projects are interrelated through the National Library of Medicine's
Medical Literature Analysis and Retrieval System (MEDLARS) which
must therefore be our starting point. At the outset it should be made
clear that this is a report on work in which the author's role is pure-
ly administrative. The progress and accomplishments described are
due to the efforts of the staff of the projects.
UCLA MEDLARS Station
MEDLARS was developed at the National Library of Medicine
(NLM) during the years 1961-1963. It operated on a provisional basis
in 1963 and in 1964 became the sole system for producing the Index
Medicus, other recurrent bibliographies in special subject areas and
individual-oriented demand searches. The file consists of citations
in sequential order on magnetic tape with each citation carrying its
own set of descriptors. For each record, the journal title and de-
scriptors are in code, all else is in English. Searches are batched,
but the entire file (or a specified portion by date) is searched for each
request; i.e., as presently designed, the file is not open to random
access. Around 40,000 citations were put into the system in 1963,
but generally searches are begun with the 1964 store since the litera-
ture representation for 1963 is so incomplete. Counting from 1964,
the file now contains over 350,000 citations and grows currently at a
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rate of approximately 14,000 citations per month. The descriptors
comprise the Medical Subject Heading List, usually referred to under
its acronym as MeSH. MeSH is a rigidly controlled vocabulary with
hierarchical features. It and other components of the system will be
considered later in relation to the UCLA Search Station. MEDLARS
programs are written in machine language (Argus) for the Honeywell
800 Computer. The flow chart in Figure 1 gives a very general idea
of the system as it operates at NLM. 1 The system is under continu-
ous study and subject to frequent revision.
Recognizing that enormous demands would be placed on the
system if it lived up to the intent of its design, NLM early developed
the concept of reproducing its data tapes for use in installations
across the country, thereby expanding manyfold access to a, if not
the principal part of the world's biomedical literature. Large scale
decentralization presented two major problems. First, the programs
required rewriting in a language which would make for easy adaptation
to other computers comparable to the Honeywell 800; second, a me-
chanical conversion of data from the 3/4 inch tapes used by Honey-
well to the 1/2 inch tape used by IBM and other equipment must be
made. Fortunately, the means to do the latter at relatively low cost
had already been developed. 2
Plans for decentralization went forward. In November 1964,
NLM awarded a contract to the University of California at Los Ange-
les to rewrite the programs in the COBOL language and, following
this, to establish a pilot demonstration search center which would
test the programs under actual operating conditions. Only programs
for the retrieval subsystem were specified, of course, since neither
input nor publications subsystems are a part of the decentralization
plan. The renewal contract for March 1966-February 1967 specifies
the Pacific Time Zone, Alaska, and Hawaii as the area the Station is
to serve. A second contract was awarded in January 1965 to the
University of Colorado Medical Center to operate a pilot search
center using compatible equipment. Under the direction of Dr.
Frank B. Rogers, this station successfully served UCMC from Febru-
ary to August; then under terms of a new contract, in September 1965,
opened to the medical community in the Mountain Time Zone. Much
experience valuable to the whole decentralization program has been
gained from the pioneering work at Denver. 3 Three additional sta-
tions have recently been authorized to serve the Northeast, the South,
and the Midwest. (See Figure 2.) These will use the UCLA COBOL
programs modified as needed.
Rewriting the MEDLARS programs at UCLA has been the re-
sponsibility of the Health Sciences Computing Facility (HSCF) (which
is sponsored by the Division of Facilities and Resources of the Na-
tional Institutes of Health through grant FR-3.) The Facility is a very
busy center operating twenty-four hours a day, seven days a week. It
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deals primarily with computations and data processing for scientific
research conducted in the Center for the Health Sciences. Several
off
-campus users are served through remote inquiry stations. A
staff of programmers is available for advice and assistance, but large
projects using the facility usually employ additional programmers.
The principal equipment complex is now an IBM 7040-7094 direct
couple configuration. However the IBM 7040-7094 complex is
scheduled to be replaced well before the end of the calendar year by
an IBM 360 model 75 system. Implementation of the new system is
now under way and users are preparing for necessary computer pro-
gram modifications. (The IBM 7094 is a stand alone configuration
but is almost always operated in a direct couple mode.) Its runs fall
into four categories. In descending priority these are: Category 1,
jobs of eight minutes or less; Category 2, fifteen minutes or less;
Category 3, thirty minutes or less; and Category 4, over thirty
minutes. The latter generally are run at night and on weekends. (Ex-
ceptions are made, of course, and the pattern itself adjusted as neces-
sary to the overall workload in the Facility.) The Facility is thus
geared for maximum computation time efficiency in line with needs
of the great majority of its users. Those who do not fall into this
group must adapt to it.
Because programmer recruiting is always a problem in Southern
California, especially for fixed term projects, HSCF decided to sub-
contract for the MEDLARS conversion and at the same time to train
a resident MEDLARS programmer who would carry on as part of the
Search Station after the initial job was completed. The subcontract
was awarded to the Planning Research Corporation (PRC) and has
proved a satisfactory arrangement. Liaison with NLM has been ef-
fected through its Information Systems Division and via the rather
extensive training program in MEDLARS indexing and searching tech-
niques given four members of our staff who spent from three to five
months each at NLM during 1965. The vital need for constant inter-
change between the parent system and satellite centers cannot be
overemphasized, especially since file maintenance and updating are
handled centrally. 2
The NLM-UCLA contract stipulated that the system retain its
ability to accept all forms of search request statements and to pro-
duce all standard report forms. However, because of the wide differ-
ences between the Honeywell 800 and the IBM 7094 in both hardware
and software, the UCLA system was not restricted to specific guide-
lines of the NLM system, although the system logic in general was
to be retained. The COBOL requirement has, in most respects,
worked out satisfactorily, for not only is the language adapted to
handling large quantities of MEDLARS type data, but it is a fast lan-
guage for writing programs for systems of the MEDLARS type. Dur-
ing the implementation phase, no COBOL compiler nor COBOL
94
systems errors were found, although there were difficulties due to
lack of IBM documentation. Use of COBOL compared with machine
language has not lengthened searching time quite as much as some
predicted, but neither is it proving as efficient as appeared to be
indicated six months ago. The section most costly in machine time
is the high speed or gross search submodule (HSS) which has been
averaging two to two and one half hours for the 1964-1965 file. Since
the HSS is based on retrieval of coded descriptors, not on English
words, it would be feasible to redo the routines for it in machine
language. Some installations might also wish to consider redoing
some of the Log Search routines. 4 (The search routine programs
were rewritten in MAP during the summer of 1966 at UCLA.)
Problems in implementing the UCLA system have not been as
numerous as might have been expected in view of the wide divergence
between the UCLA and NLM equipment. There were however, two
serious tape file problems: tape bad spot handling and character
writing. The Honeywell 800 does not bypass bad spots while writing,
but the IBM 7094 does bypass these spots in reading, thus losing data.
The second problem arose in the tape conversion process. The
Honeywell 800 writes only in multiples of eight characters (one com-
puter word consisting of 48 bits in 8 bit units) while the IBM 7040,
which at UCLA handles the tape for the IBM 7094, works in multiples
of six characters (36 bits to the word). 4 NLM, which handles the
first step in the conversion in-house through a satellite of the Honey-
well 800, is modifying the routines for this step; meanwhile UCLA
uses the IBM 7094 which can handle eight character words instead of
the IBM 7040 to complete the conversion. Other difficulties with tape
reading continued for some time. Among the trouble causers was
the closeness of the load point to the first record and the use of high
density tape (800 bits per inch), apparently corrected by return to
556 density.* Another stubborn tape read problem, although not one
connected with the conversion, appeared to be tape stretching on the
rewind after High Speed Search, a condition which necessitated sever-
al readjustments of the tape drives.
A word needs to be added on transference. The UCLA pro-
grams can be fairly easily modified for computers of like size and
configuration, providing a COBOL compiler is also available, but, to
quote Frank Garvis, project manager for PRC, "The use of the COBOL
language does not mean MEDLARS is now easily transferable, with
only minor changes, on any computer configuration. To put the UCLA
MEDLARS system on smaller computers, such as IBM 1401 and 1410,
would require major and costly revisions to bring it within the con-
fines of the normal small machine hardware and software configu-
ration." 4
*The rapid growth of the file caused us to try high density tape
again in the summer of 1966, this time with success.
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There have been a number of changes in the NLM system since
the UCLA contract was awarded. The two of most immediate im-
portance for station operation are the addition of subheadings to the
MeSH as of January 1966, and program preparation for the inclusion
of citations for monographs. The latter require a format different
from that for journal citations. The routines for these additions and
a program to annotate the master citation file to indicate UCLA cur-
rent serial holdings, as is done in the Colorado Search Station, will be
completed within a few weeks as an extension of the subcontract with
PRC. There are several more additions to the UCLA system which
the resident programmer has under way or will begin soon. Among
these are the option for restricting the HSS to a selected portion of
the master citation file, beginning with the most recent citations, a
check for possible loss of data on the converted tapes, implementation
of the option for listing citations under any desired headings used for
the search, allowance for printing out any subset of a search or any
combination of subsets, choice of specifying tracings for one subset
and not for another, and increase in the number of terms which can
be specified per search. (Main heading terms or descriptors are now
limited to 100, for example.)
With the transfer to the IBM 360 system, computer time shar-
ing and on-line display devices to assist in both file maintenance and
searching techniques should be considered. It has also been suggest-
ed that the master citation file might be inverted so that each de-
scriptor carries a list of its citations instead of the reverse arrange-
ment which now prevails. Random access would reduce computer
time, but such a change would also enlarge the file and necessitate
rather complete reprogramming. 4 NLM is at present planning a
study of redesign of the system. Obviously, there is an almost un-
limited horizon for study and for change.
Now let us turn to a brief scrutiny of the operation pattern we
are attempting to follow at UCLA. It corresponds in general with
that of NLM. Figures 2-12 trace the journey of a search request.
The requests on the Station's form (Figure 3) are sent by mail or
brought in person to the Search Station where they are assigned for
formulation to one of the search specialists. The most important
part of the formulation is the selection of descriptors or main sub-
ject headings from the printed MeSH and from the provisional head-
ings sent us by NLM. For use in the computer search, MeSH is put
in alphabetical order on tape and in this form known as the Medical
Dictionary Tape (MDT). This tape also contains a tally of the number
of times each heading has been used. NLM sends the Station an up-
dated MDT every month. There is not time to discuss MeSH in any
detail, but it should be remembered that descriptors are given in
both alphabetical and category position. Some categories have been
exploded for machine searching to form tree structures. A tree
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structured category is one where terms have been hierarchically
ordered from generic to specific, using four levels of classification.
The tree can be entered on any of the four levels and searched for
this level and one or more levels under it. The system allows for
127 tree structures, many of which are in the process of develop-
ment. 5 Citations are given an average of eight to ten descriptors
compared with an average of two or three in the printed Index Medi-
cus.
Searching is done through the logical operators and (*) or (+),
and not (-). An important feature of the system is the provision for
as many as three search expressions or subsearches, A being the
most general, B less general, and C the most specific. This makes
it possible to test retrieval hypotheses, i.e., to use both broad and
narrow approaches simultaneously. The relationship between the
subsearches is used in selecting the most significant elements for the
gross or high speed search, for what satisfies the A search obviously
should cover B and C which are refinements of A. 5 All searches are
not however, required to have three, or even two expressions. "A
significant element is a term or search element with the lowest index
usage in a search and therefore of highest retrieval value. For ex-
ample, in a search on thalidomide poisoning in rabbits, the significant
element is thalidomide. In a search with Or'd expressions there may
be as many significant elements as there are combinations. Thus in
a search on new uses of dimethyl sulfoxide or procaine, both drugs
are significant elements. On the other hand, for recent work on kid-
ney transplantation in dogs or monkeys there is just the one signifi-
cant element, kidney transplantation.
" 2
Figure 4 shows the side of the formulation sheet on which all
the elements for the search have been listed, including unions of
terms. This is the Request Element Definition List or RED List.
Figure 5 shows the other side of the formulation record where the
essential information about the requestor and the request are given
in the upper section and the search equation in the lower. IBM col-
umns are indicated and type of IBM card to be punched, e.g., header
cards (02), RED List cards (03), elements and operators for sub-
searches (04-06), and report generator cards (07).
A decklet of punched cards for the search is prepared from the
formulation sheet, the decklets batched, then sent through prelimi-
nary Edit (see Figure 6). This is done as an additional safeguard to
proof subject heading cards and to obtain a tally of the number of
citations which the significant elements can be expected to retrieve.
Tallies can also be taken manually from the print-out of the MDT and
added, but it is more convenient to obtain them through the Edit Pro-
gram which only takes 3 to 4 minutes to run and may save hours of
time by detecting errors such as off-center keypunching and mis-
spelling in advance of the main run. The tally is essential for
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estimating the time it will take to run the batch. This information is
required for all jobs submitted to the Computing Facility. After pre-
liminary Edit some components of the batch may be removed for
separate running if the tally has shown a very high retrieval count.
The batch or batches then go to HSCF with the proper control cards
for the main run (see Figure 7). Note the Intermediate Retrieved
Citation File tape. If there is insufficient time for the entire search,
or if the search blows up in Logical Search, the citations retrieved
from HSS may be stored off-line on tape and run again later through
Logical Search. In Logical Search the citation output from HSS is
searched against the search formulations in such a way that only the
citations which logically satisfy the requests are selected. An inter-
mediate tape with the results of Log Search may also be saved for
later processing through Report Generator if there is need to do so.
Processing of the batch may also be stopped at this point to obtain a
statistical report on number of citations retrieved per search so that
searchers may check on their formulations and rewrite them if the
count indicates trouble. Figures 8-10 illustrate formats in which the
completed search bibliographies may be obtained; figures 11-12 make
up the request and form for user appraisal of the search.
Our experience thus far has shown batching to be of critical im-
portance. The MEDLARS file is a large one, growing rapidly larger.
When it is searched with the COBOL programs, machine time used
increases markedly. Thus it is imperative to make optimum use of
available time. The maximum batch allowed by the UCLA system
appears to be more than adequate something in the realm of 100
searches with an average of 50 machine words each, the limit being
set by the request table for the coded search expression. This table
provides locations for a total of 5,250 machine words. The present
limit can be raised, but it is important to keep in mind that as batch
size increases, the difference between the number of citations
searched in the HSS and the number searched in Log Search lessens,
thereby cutting the advantage gained from the gross search feature of
the system. 2 The possibility of tape runover in HSS with large batch-
es, which has been a problem in the Colorado station, causes no con-
cern in the UCLA station because disk is used in place of tape.
(There was a problem when intermediate tape files were stored off-
line, but this has been corrected by program modification.) The
problem in our case is running over estimated time, but the end re-
sult, inability to complete the search, is the same.
To date we have generally used batches of ten to fifteen search-
es, but we have gone as high as thirty. Processing a batch through
the entire file generally takes from four and one half to five hours.
The length of time for HSS depends primarily on the size of the file,
not the size of the batch. The only batch factor of importance is the
proportion of significant author elements to significant descriptor
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headings. Because authors are in English, and more characters are
involved, searching them takes longer. It has consistently been in
the range of 1,400 to 2,000 citations per minute, with the average
usually in the lower end of the range. Because of the relatively limit-
ed variation in time, an experiment was carried on with the 30 batch
search. The Intermediate Retrieved Citation File generated in HSS
was used as a selected CCF. The batch was broken into a group of
smaller batches, each of which was run in HSS against the selected
CCF, then, as time was available, through Log Search and Report
Generator where time used is a direct expression of the number of
citations retrieved to satisfy the search request statement. This pro-
cedure made it possible to submit some computer priority 2 and 3
jobs and thus to obtain results much earlier than is possible with
priority 4 jobs. In addition to this bonus, batch segmentation makes
MEDLARS jobs less liable to blow up because the probability of en-
countering errors is smaller. Moreover, if there is a blow-up, the
penalty in time lost is not so great, although the total amount of ma-
chine time used by this type of batching is greater than the more
direct procedure providing the latter does not run into tape read
errors or other trouble.
These may very well prove important considerations for routine
operations; they are of particular value during the developmental
period when search failure and search completion are in decidedly
unfavorable balance. A multiplicity of problems is normal for any
volume testing period, but in our case they have been compounded by
the length of the MEDLARS file and the sophistication of the computer
configuration. On the first score, for example, MEDLARS already
has well over 300,000 records and the maximum acceptable margin
of error on HSCF's IBM 7040-7094 system is one error in 300,000
records, or a mean free error time of forty minutes. On the second
score, running time varies for a MEDLARS job in Edit or Report
Generator, where input -output is an important factor, with the nature
of other jobs going through the IBM 7040. The Edit routine, for ex-
ample, has varied from 3 to 5 minutes on identical search batches at
different times. Another problem is that the HSCF computer system,
fails to skip over tape errors and instead throws out the search.
This procedure is an advantage for mathematical computations since
an error anywhere along the way invalidates the results, but in
library-type manipulations it has a high cost in lost time. If this
were changed, the error could be identified by manual examination in
most cases and the printout corrected manually also. In any case, all
the searches could then be rerun as part of another batch.
The reprogramming called for in the first contract was largely
completed by November 1965. The first testing of the system as a
whole was done by running parallel searches with a group which had
already been done at NLM and the Colorado station against the UCLA
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programs. Retrieval proved to be identical. We plan to continue
comparisons periodically and to ask NLM to run a sampling of UCLA
searches.
As of April 15, 1966, the Station has accepted 93 original
searches of which 32 have been completely processed and returned
to the requestors. Requestor reaction, searcher check, and evaluation
of results have all been reassuring. The other searches have all been
formulated and are in various stages of machine search, most of them
at Report Generator whose programs have been the last to receive a
thorough working over. Once the Station is operating routinely and
well, requests should be processed in two weeks, with emergency
service in one, providing machine time is available and search vol-
ume within reason, but we cannot yet predict how long it will be be-
fore this happy state of affairs is at hand.
Statistics are collected from all batches on the number of
searches in the batch, the machine time for Edit, HSS, Log Search
and Report Generator, the number of citations searched, retrieved
and printed, the number of significant elements, and the number of
citations printed with tracings or groups. The latter and the number
of citations printed are also kept for individual searches as is the
processing time from arrival of request to return of the MEDLARS
produced bibliography. However, the small volume handled thus far
does not lend itself to support of any generalizations, and the stop
and repeat manner in which searching has proceeded in the test peri-
od makes figures for total length of time to process requests mean-
ingless.
Timing comparisons between the COBOL and the NLM machine
programs are of special interest, but there are as yet no reliable
data on which to base them. There is some indication that the NLM
programs may be nearly three times faster in HSS and twice as fast
in Log Search. Transfer to the IBM 360 System should improve
present timing considerably, perhaps by a factor of one, but it is now
obvious that for stations running on IBM 7090 or 7040 series equip-
ment, the search routines must be returned to machine language.
Change and experiment are certain to be the most constant
characteristics of the UCLA Station for the next several months, in
fact for the next year, but our experience to date should greatly fa-
cilitate the tooling up period for the three new stations now in process
of organizing.
Brain Information Service
The UCLA MEDLARS Station has also made a substantial con-
tribution to the Brain Information Service (BIS) which was established
at about the same time in 1964 under contract with the National
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Institute of Neurological Diseases and Blindness. Its purpose is to
provide information in the basic brain sciences rapidly, accurately,
and completely to investigators and teachers in this field. The sub-
ject area of the Service includes neuroanatomy, neurophysiology,
neuroendocrinology, neurochemistry, neuropharmacology, and non-
clinical aspects of neuropathology. The literature of diagnosis and
treatment of neurological diseases is not within its scope. 6
For convenience, the Service is referred to in this paper as a
Biomedical Library project, but it is only partly so as the organiza-
tion chart in Figure 13 indicates. The Scientific Unit is responsible
for conferences and workshops, stimulation of the writing of critical
reviews, a study of the information gathering habits of scientists
working in the brain sciences, and for formation of the glossary
which is the vocabulary used by the computer in searching. The
Bibliographic Unit is responsible for input for the computer store
and for the search and current alerting service, both manual and
automated. At the present time only manual service is available, and
it is limited largely to members of the UCLA Brain Research Insti-
tute who serve as a users test group. On request several investi-
gators in other California institutions and in other parts of the United
States, as well as a few abroad, have been added to the group. Toward
the end of 1966 when the computer programs will have been thoroughly
tested and the glossary more adequately developed, the Service will
be opened on a national scale. The programs are all written except
for the Report Generator and Publication Modules which are due next
month and a glossary maintenance program which will not be ready
for some months yet.
BIS uses the same equipment in the Health Sciences Computing
Facility as does MEDLARS and also has handled its initial program-
ming through subcontracts with the Planning Research Corporation.
Every effort has been made to secure compatibility between the two
projects where this is practical and to keep personnel on one informed
of the operations of the other and vice versa. The BIS programs
have been written in COBOL, and their modifications for the new IBM
360 System are being planned jointly with those for the MEDLARS
Station with the help of the Computing Facility.
In addition to MEDLARS-type demand search routines, BIS
programs fall into two groups: input and glossary. Their end prod-
ucts produce a master citation file which may be searched with the
same type of formulation as is employed for MEDLARS although de-
scriptors are drawn from a quite different type of vocabulary. The
vocabulary will be described along with the glossary programs.
The sources of input for the BIS data base are shown in Figure
14. The first is the magnetic tape which brings a cut of the UCLA
MEDLARS file drawn off by recurrent demand search, beginning with
the 1964/65 file, monthly thereafter. Next are citations on punched
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cards from the retrospective literature which includes a selection
from the Cumulated Index Medicus, 1960-1963, and from bibliogra-
phies compiled manually by subject area specialists in the Bibliogra-
phic Unit. A selection from other sources such as Biological Ab-
stracts and the Current List of Medical Literature will be added later
as time permits. Citations from a small core of the most important
current journals, which are required for the system as soon as pub-
lished, as well as a group of biological journals not included in
MEDLARS, are indexed by the area specialists to form a third type
of input. Current symposia, conference proceedings, and other multi-
author volumes indexed by the area specialists form a fourth input.
Overlapping between citations from the MEDLARS system and other
input sources is deleted by the merge program from which the BIS
Compressed Citation File is generated. Figure 15 gives an estimate
of the size of representation of the various types of input in the file.
A very important component not shown is the backlog of retrospective
citations still to be keypunched from the Cumulated Index Medicus
1960-1963, which has been only 60 to 65 percent completed, and from
other bibliographies. Information on research in progress in some
fields is being received from the Science Information Exchange, but
plans have not yet been developed for incorporation of this infor-
mation into the computerized system.
The citation entry record (see Figure 16 a-c) is arranged for
easy transference to keypunch cards. It was designed to be as flex-
ible as practical and to include space for certain features which would
be desirable to add at some future time such as indexing values for
terms and relationships for terms. (See Figure 16a, Format, Col-
umns 73-80.) Incidentally, the word "Link" as used on this form
means simply that cards and columns are linked in the case of run-
over in number needed (see Figure 16b). Role indication columns at
present are used only to show the source of the term.
The "10" cards give all the usual bibliographical information
about the citation, name of indexer, sequence number for citation,
and source of citation. The "20" cards are subject term cards. Ab-
stracts, when included, go on "30" cards, and authors and editors go
on "40" cards. Abstracts may consist of editorially selected portions
of the text of the article. All authors, regardless of number, are
punched and, when the citation is retrieved, printed out. Titles in
English, both original and translated, go on "50" cards, and titles in
the vernacular or transliterated go on "60" cards. There are as yet
no "70" cards. The "80" cards are for the senior author's address,
and the "90" cards are for the names of the scientists who have re-
quested information on the subject of the article. ("90" card infor-
mation is gathered for a small separate program which is part of a
current alerting service.) Sort criteria are journal title code, volume
number, year, starting page, and senior author. All five must be
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punched in order to add, delete, or update a citation because these
are also the merge criteria. In the case of chapters in multi-author
volumes, (BK) is used for journal title code and zeros wherever else
something non-existent in the citation must be supplied.
Programs convert the various inputs to the standard tape for-
mat for which the citation entry record was designed, merge identical
citations into one record which contains all information from all
sources, and extract words from titles for mechanical indexing of
citations. (See Figure 17.) The extracted title words and all other
descriptors attached to the citation are then matched against the
glossary tape. If the words are recognized as indexable, they are
added to the citation as coded tags. If the words prove to be syno-
nyms, the terms with which they are synonymous are substituted and
assigned to the citation, but if they are found to be non-indexable, no
further action is taken. At present we are entering only English
words as potential subject headings, but computer routines allow any
Roman alphabet language to be used. Words not found in the glossary
are printed out as warnings to the glossary editor who must then
make the decision on the status to be given the new word in the glos-
sary: indexable as subject heading, indexable as synonym, or non-
indexable. Once this is done, a second run can be made for the pur-
pose of attaching the new terms to the citation. The updated master
citation file is then ready for searching by MEDLARS strategies.
Like citations in the master file, terms in the glossary are
drawn from MeSH, whose descriptors are appended to the citations
from MEDLARS, from the subject headings used in Index Medicus
1960-1963, from words assigned by BIS area specialists who double
as indexers, and from words in titles. Indexers assign terms from
the text of the article, generally without reference to the BIS glos-
sary. There is no limit to the number of words in a term assigned
by indexers except that potential descriptors in the glossary are
limited to forty-eight characters and/or spaces.?
As previously noted, all citations entering the system from any
source are mechanically indexed from words occurring in their titles.
Terms are also drawn mechanically from abstracts introduced on
BIS citation entry records. These terms consist of every single word
and every two words in sequence except for a list of 127 words which
are inadmissable, such as A, ALSO, BEFORE, IN, IS, OF, STUDIES,
THE, TO, UPON, USING, WHEN, and WITH. These are mechanically
rejected on examination by the programs. In the title "Electroenceph-
alographic studies in experimental pulmonary oedema" the potential
terms are ELECTROENCEPHALOGRAPHIC, EXPERIMENTAL,
PULMONARY, OEDEMA, EXPERIMENTAL PULMONARY, and PUL-
MONARY OEDEMA. Routines do not assign a single word descriptor
to an article when that word also occurs in a two-word sequence,
thus, PULMONARY OEDEMA but not PULMONARY alone or OEDEMA.
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If this restriction proves inappropriate, it can, of course, be changed
later. In the mechanical indexing program, more than two terms in
sequence are inadmissable. Thus for CIRCLE OF WILLIS, only the
single words CIRCLE and WILLIS will be picked up.
The BIS glossary is an open-ended vocabulary based on natural
language. Control is provided by the glossary editor who is responsi-
ble not only for decisions on which terms will be added as indexable
and which declared non-indexable, but also relates each indexable
term to its generically more general and more specific terms.
Procedures in glossary formation are illustrated in Figures 18-
20. Figure 18 is a printout from the alphabetical section of the glos-
sary (which in its computerized form bears the unfortunate acronym
of BISH for Brain Information Subject Headings). The numbers in
the first column at the left are codes for all indexable terms whether
subject headings or synonyms. Non-indexable terms are indicated by
a zero. Terms with the same numbers make up a synonym set. Li
the next column, the figure 1 indicates both a subject heading and a
non-indexable term, 2 a synonym. Under "tag source" is the letter I
used for an indexable MeSH or non-MeSH heading, M for a non-
indexable MeSH term and N for a non-indexable non-MeSH term. All
MeSH terms will become indexable as soon as citations using them
enter the computerized system. They are entered in the glossary as
unindexable now for convenience of the editor who will not place them
in the hierarchy until they appear for the first time on citations. The
"frequency column" is used to show the number of times a synonym
set has been assigned to a citation. In this case all are zeros because
only an initial small group of citations had been entered into the sys-
tem at the time of the printout, and the second run for the glossary
update had not yet been made. The "specificity column" will not be
used until later. Then it will give an index value for the term, prob-
ably 1, 2, or 3 representing general, less general, and least general;
or perhaps just 1 and 2, general and specific. The index value, in
turn, will be used to review the specificity with which citations have
been indexed. All citations whose subject tags total less than a given
value will require further indexing. Details are yet to be planned. In
reviewing, for example, it may prove more effective to omit the value
number for general from the total count for the citation since the
purpose of the review is to increase the specificity. Since many ci-
tations will enter the system with subject terms drawn only from
mechanical extraction from titles, a review of indexing effectiveness
is essential. The "main heading column" lists all the descriptors in
alphabetical order. Note in this column the terms coded 36120. These
are part of a synonym set, with the term electroencephalography indi-
cated as the preferred heading, the other seven terms as synonyms.
Members of a synonym set may, and usually are, separated in the
alphabetical listing. In the Numerical BISH (see Figure 19) into
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which the Alphabetical BISH is sorted for the purpose of attaching
subject headings in code to citations, the order is numerical, and all
synonyms are brought together without regard to alphabetical order.
Thus the complete synonym set for electroencephalography can now
be seen to consist of fifteen members. More may be added later as
the glossary expands.
Figure 20 shows warnings for two citations from the system to
the editor. It presents him with eight terms on which he must make
decisions for the glossary. The other fourteen terms are already in
the glossary as either indexable or non-indexable terms.
Figure 21 illustrates the hierarchical features of the glossary.
At present the hierarchy is maintained clerically and used chiefly to
locate synonym sets in the glossary when new terms are under con-
sideration for inclusion in a given set. The order is not necessarily
one which is appropriate for explosion of terms in a search; in many
cases the editor will later rearrange it for more effective explosion
of general terms. Moreover, there are as yet no means for mechani-
cally exploding terms, although a program is planned to provide this
capability and to make it possible to enter for retrieval at any level
rather than to follow the tree structure pattern in MEDLARS which
allows only four levels of specificity. 7
A glossary maintenance program which will eliminate a good
part of the clerical upkeep for building the glossary and will provide
a more rigorous check for errors is expected to be ready soon for
modification by BIS. The program will replace the checking for lo-
cations in the hierarchy and the adding of synonyms manually as well
as the manual insertion and positioning of preferred new subject
headings. This program has been developed by IBM for Dr. Baldwin
Lamson's research at UCLA on recording and retrieving clinical
pathological records in natural language.
The routines used for development of the glossary will obvious-
ly increase its size very rapidly as the first citations are entered
into the system. They will also produce a very large indexing vo-
cabulary whose rate of increase per entered citation will, however,
eventually be quite low because most of the potential descriptors will
already be in the glossary. As of March 1, 1966, the glossary con-
tained over 6,000 indexable terms in about 5,000 synonym sets and
1,100 non-indexable terms. It does not appear that the size of the
glossary will have a significant effect on machine time required to
operate the system. Initial experience is that approximately twenty
minutes, including time for input from card to tape, are required to
take the terms from a batch of 200 citations. The major segment of
time for this routine is used in sorting single and double terms into
alphabetical sequence after the trivial words are removed. A maxi-
mum of 600 synonyms can be added at one time, but there is no limit
on the number of preferred subject headings which may go in
together.''
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The size of the glossary and its continuous growth obviously
complicate glossary maintenance and use, but the glossary has ad-
vantages which we hope will more than compensate for its disadvan-
tages. One of these is mechanical indexing from titles, a method
which is very cheap indeed for it involves no indexer time at all and
no extra keypunching. On the other hand, it does not generally pro-
vide depth adequate for needs of a service such as the BIS. However,
applied to abstracts this method is likely to prove very valuable and
involves little more than the additional cost of keypunching the ab-
stracts at the time they are added to the citation entry record. The
cost of uniformly adding abstracts to the system is, of course, another
thing apart from their use for indexing. In any case, it has never
been the plan to rely entirely or even heavily on mechanical indexing,
but to use it as a method to build up a file quickly and passably well.
The screening for specificity of indexing referred to earlier will
make it possible to bring all citations up to about the same level of
indexing eventually. Meanwhile the mechanical indexing serves as a
very useful supplement to what is brought in from MEDLARS indexing
and BIS staff indexing.
Another advantage is that human indexing can be done less la-
boriously with this type of glossary than with a rigidly controlled
vocabulary. Since words from texts are what BIS indexer s are asked
to use when possible, the indexer need not look up terms but can sub-
stitute underlined text for filled out indexing sheets. Further, intelli-
gent but unskilled indexers can perhaps be utilized for some of the
indexing because it is generally evident from the syntax which de-
scriptors should be chosen from the text, even if the indexer does not
know the meaning of a particular word and does not look it up. For
example, the term GUANAZALO (an antineoplastic purine analogue)
will be placed in its synonym set under the preferred heading 8-
AZAGUANINE by the editor the first time it occurs and mechanically
thereafter. The intellectual effort required to relate the two terms
is thus expended only once.?
There is expectation, too, at least among the scientific staff,
that consistency of indexing will be higher with this open type of vo-
cabulary than with a controlled vocabulary because it is assumed that
"authors are more consistent among themselves in their use of
technical terms than indexers are in relating authors' technical
terms to an approved vocabulary. "7 Moreover, indexing with this
type of vocabulary should not only, on the whole, produce greater
specificity but should also reflect new subjects and new terms in the
literature as soon as citations are added to the data base.
MEDLARS is a general service for the biomedical community
and thus a first line support for the highly specialized Brain Infor-
mation Service. BIS will handle more kinds of information, but its
total file will be far smaller. While the MEDLARS Station looks to
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NLM for future direction and development, BIS must look to itself but
take full advantage of whatever it can usefully incorporate from
MEDLARS and from the other neurological information centers with
which it works in close cooperation.
Grateful acknowledgment is made to Mr. Robert Braude, Head
Searcher for the UCLA MEDLARS Station, Mrs. Pat Walter, Head of
the Bibliographic Unit of BIS, and Dr. Peter Amacher, Editor of the
Glossary, for advice and information for this paper.
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Input Subsystem
Figure 1
MEDLARS Flow Chart Reprinted from Science. 148:768,
May 7, 1966
Notional Library of Medicine
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Time Zone
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Hawaii
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University of California, Los Angeles
Biomedical Library
MEDLARS Search Station
I Date
MEDLARS SEARCH REQUEST
j
1. Individual who will actually use the bibliography
John Q. Requestor, M. D.
Title
Professor of Medicine
Organization
Dept. of Medicine
Address Phone Number
UCLA
~2~. Request submitted by (if different from above):
3. Detailed statement of requirements (Please be as specific as possible as to
purpose, definitions, limitations, etc.)
XXXI Hunan Animal Normal rm Pathological
Bibliography on treatment of diabetes in Age Range
old age. I am particularly interested in
any differences between modified and unmodified to 1
preparations.
__l-23 months
2-5 years
6-12 years
_13-l8 years
19-Mt years
__J*5-6U years
- years
T A relevant citation(s) if know
5. Limit Languages To: Accept
English
Foreign / /Specify:
6. Print Specifications i 7. Deadline: 6 . Number of citations expected:
fa" x 5" Cards | Humber of citations desired:
Paper
\
Figure 3
Search Request Form, UCLA MEDLARS Station.
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1 6
DEMAND SEARCH FORMULATION RECORD
ID
7 8
03
110
Request number:
1 6
DEMAND SEARCH FORMULATION RECORD
MEDLARS SEARCH STATION, Formulotlon time:
BIOMEDICAL LIBRARY, UCLA Dote:
ID
7 8
02
Ill
'Searchers
Figure 6
Flow chart for Preliminary Edit Program used in UCLA MEDLARS
Search Station.
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Preliminary
EDIT
Figure 7
Flow Chart showing Search and Report routines, UCLA MEDLARS Station.
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UNTCKEN I, TtOXH E
TIT CARCINOIU MAMMAf ."
BRUNS iEITR KLIN CM1R
MKl SOC INI CHU BRADNAY G, BONUS ZBc
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SOlOi. 3010*
ALlCG*A 5 AVIOLI LVi CRACCO RB, CHAMBERS R
tRAIN SCANNING WITH MERCUYi THEORY* 2 3J MERCURY BRAIN SCANSI THE USE OF SMALL
TECHNIQUE AND ACCURACY OF THE HfTHOD. -OSES AS A SCREENING MCTHOr.
TURK J PEOIAT TUl-tS, JAN 6! J NUCL MED 6l?52-6*. APR 69
BRAIN NEOPLASMS! XERCURVI RRAIN ABSCESS! B*I!) DISEASES" BR*IN
RAOICISOTOPE SCANNING NEOPLASMS! CEREBRAL ANEURYSMI
.DIURETICS,
MERCURIAL! HEMATOMA, SUBDURAI;
HYCROCEPMALUSl NEOPLASM DIAGNOSIS!
RAUIOISOTOPE SCANNING; STATISTICS!
tJBARACHNOIO HEMORRHAfit
90106 50106
M4KE R. SURSICY S HARRY D
(THE RADIOIOOINf TEST IN RATS) ((!*) CLINICAL ASPECTS OF 8*AIN SCANNING WITH
'ERCJRY.
RAHICBIOL RAOIOTHER (BERLIN) 5:511-5, 196*
rJRK J PEOIAT 7122-30, JAN 65
IODINE ISOTOPES, DIAGNOSTIC!
MDIOISOTOPE SCANNING! RATS! THYROIO .flRnlN NEOPLASMS! GERIATRICS! *NERCURYI
FUNCTION TESTS RA!)IOISOTOPE SCANNING
Figure 10
Card Format, MEDLARS Demand Search Bibliography
Los Angeles: Biomedical Library
The bibliography which you have received is a product of MEDLARS,
a computer-based information storage and retrieval system. While
the system is in its developmental phase all information concern-
ing the operation is of value to its future success.
As a user of MEDLARS you are in a position to provide both general
and specific criticism of the systems output. Since this is the
area of most vital interest to you, we should greatly appreciate
your comments on the attached appraisal form.
Although this form lists certain major areas which can be evaluated
by checking the appropriate box, we have left space for more general
comments, and we hope that you will consider giving us the fullest
evaluation possible.
Again we should like to stress that you, the user, can provide the
most important feedback to the system; this is what we particularly
need now during the developmental stage.
Thank you for your cooperation.
MEDLARS Search Station
Biomedical Library
University of California,
Los Angeles
Figure 11
Request for Evaluation of a MEDLARS Search.
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NAME
SEARCH NUMBER
DATE OF APPRAISAL
UNIVERSITY OF CALIFORNIA, LOS ANGELES
BIOMEDICAL LIBRARY
MEDLARS Search Station
Appraisal of MEDLARS Search
Quantity
Was the number of citations received greater than ( ) , less than ( ) ,
or approximately equal to ( ) the number expected? Please note your
analysis.
Search conducted on too broad a selection of subjects.
.Search conducted on too narrow a selection of subjects.
jDther (Please specify)
Relevance
How many citations are you aware of which this search did not retrieve?
. Please specify.
What is the approximate number of citations not relevant to your search?
. Is this estimate based on actual examination of the articles?
In your opinion, what may have caused retrieval of the non-relevant
citations, (e.g., descriptors used, formulation of search for retrieval)
Timeliness
Did you receive the citations in time to be of use? . Do you
have any comments on timeliness?
General Comments (Use reverse side if necessary)
Figure 12
Form for Appraisal of a MEDLARS Search.
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BIS ADVISORY COMMITTEE
SCIENTIFIC UNI1 BIBLIOGRAPHIC UNIT
Director
Administrative Assistant
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POTENTIAL SIZE OF BIS CCF
AS OF APRIL
I, 1966
approximately 10*36 of MEDLARS
33,000 citations
r
retrospective
punching
current
punching
26,000 citations
300 citations
ESTIMATED RATE OF GROWTH
PER MONTH
lUOO citations
700 citations
300 citations
I
Figure 15
Size and Growth of Brain Information Service Computer Store
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1 EXP BRAIN R E.S 0001 1 966 01 00 1 0?|0 I 26
C.0R T I Cg.- CgLl.l .C.U.l.A.K jf.A.T.H.WAY. C.gRTEX
9 AUDI TORY E V0K.E.D. RE OSP0NSES 9STKYCHNI NE
9DIKECT CNS INJ ECT I 00N_
9 E L E g.T.K.I CA L .S.T.I MULA T I g.N 9PgTASSIUM CHLgRI DE
9SUC<T 1C AL tEFlEX C.E NIT ER 9CAT
FonmtMtodtlM.
Figure 16a
Citation Entry Record for Brain Information Service
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121
122
IINOFB TFRM FBHM TFRM f.ARO -- nqH771
INDEXED UNDER TERM FROM TITL CAPO 152383,
1NDXD_ UNHR TERM FROM TERM CARD -- 152411 i
NUCLEUS
HAYMARD J
INDEXFO UNDER TERM FROM TERM CARD ~ 152417,
INDEXED UNDER TERM FRQM TERM CARD 152430.
KONISMUK BR
SAHYER CH
INDEXED UNDER TERM FROM TERM CARD 152450, CLEMENTE C
THE MESSAGES BELON REFER TO OECKLET 066040600602
(ELECTRICAL RESPONSES TO VISUAL STIMULATION IN MIOBRAINi
LLA OBLONGATA AND SPINAL CORD OF THE LAMPREY)
THIS TERM FROM
123
A2B
ELECTRICAL RECORDINGS FROM BRAIN (See also BRAIN ELECTROPHYSIOLOGY 6>
EEC WAVES, ACTIVITIES, RHYTHMS AND COMPLEXES
SLOW-WAVE EEC
DELTA ACTIVITY
DELTA RHYTHM
DELTA WAVE
THETA ACTIVITY
THETA RHYTHM (Theta-rhythm
THETA WAVE
ALPHA ACTIVITY (See also ALPHA ATTENUATION)
ALPHA RHYTHM (Alpha-rhythm
ALPHA WAVE
BETA ACTIVITY
BETA RHYTHM
BETA WAVE
GAMMA ACTIVITY
GAMMA RHYTHM
GAMMA WAVE
Figure 21
Table Showing a Section from the BIS Glossary Hierarchy.
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